In Westinghouse-type pressurized water reactors (ordinary PWRs), the safety under emergency conditions is attained not only by inherent safety nature of the reactor core but also by engineered safety features and highly technical actions by operators.
In order to realize a higher level of the safety in a future nuclear power plant, various passive safety reactor concepts, such as PIUS(1), AP-600(2)(3), MS-600(4) and the system integrated pressur izedwater reactor (SPWR)(5), have been pro -posed.
Also at the Japan Atomic Energy Research Institute (JAERI), a concept of a JAERI passive safety reactor (JPSR) is being developed for realizing a new PWR concept which requires less operationnal and maintenance work than ordinary PWRs (6) . In the JPSR, cannedmotor pumps were selected for the main reactor coolant pumps as in the AP-600, in consideration of their high reliability (2) . The canned motor in this pump eliminates the shaft seal and the sealant supply system. The former enhances safety by eliminating the possibility of a shaft seal loss-of-coolant accident (LOCA), and the latter contributes to simplify the chemical and volume control system (CVCS) and the auxiliary coolant supply system. However, it is difficult to attach a large flywheel to an ordinary canned-motor pump, which hence has low moment of inertia of the rotor.
The influence of fast flow coastdown following trip of all pumps can be severe in view of DNB occurrence. Therefore, a rotor with high inertia, actuation of reactor * Tokai-mura , Ibaraki-ken 319-11.
scram or other countermeasures may be required to prevent the DNB occurrence. Considering the above situation, the present analysis has been carried out to evaluate required inertial moment for the canned-motor pump and necessity of reactor scram to prevent the DNB occurrence.
Based on the calculated results, incorporation of a flywheel to the pump is discussed to confirm feasibility of achieving the necessary inertial moment.
II.
ANALYTICAL METHOD
Features of JPSR Concept
As presented in the reference (6), one of the most important concept of the primary system design of JPSR is adoption of an enhanced inherent matching nature of core power generation and heat removal from the primary coolant system, in other words, a highly inherent load-following capability.
If the core power inherently follows change in heat removal rate from the primary coolant system to the secondary system with small thermal expansion of the primary coolant to be absorbed by a practical size of the pressurizer, such a reactor system may have more safety and load-following capabiity.
Because a possibility of occurrence of a loss-of-coolant accident caused by a stuck open of relief valves of a pressurizer can be reduced due that a closed primary coolant system can be realized due to small expansion of the coolant. In order to realize such a reactor system, JPSR adopts following ideas: (a) elimination of the boron from the primary coolant for realizing large coolant density reactivity coefficient, (b) adoption of a low linear heat generation rate in the core for reducing Doppler effects, and (c) adoption of a large pressurizer for dumping pressure changes and for absorbing thermal expansion of the primary coolant. Based on these basic ideas, the following concept has been constructed for the 600 MWe-class, "JP-600".
The major design parameters of JP-600 are listed in Table 1 .
The gross thermal and electric outputs are set to be 1,853MWt and 630MWe, respectively. As shonw in Fig. 1 JPSR has two primary coolant loops. Each loop consists of a hot leg, two cold legs and an once-through steam generator (OTSG) which is analogous to the OTSG designed by the B&W company as shown in Fig. 2 . In each loop, two primary coolant pumps are installed in the hot leg because change in the primary coolant temperature in the hot leg is smaller than that in the cold leg during a load-following operation.
Due to the advantages as described before, the canned-motor pumps were adopted as the main reactor coolant pumps. However, during flow reduction accidents, the canned-motor pump has a shortcoming of low inertial moment in view of the criterion of the DNB ratio (DNBR) which is defined as a ratio of the DNB heat flux to the local heat flux. The design value of the intertial moment is determined in the present analysis.
2. Evaluation Method Three transients are normally treated in the safety analysis for the ordinary PWRs: the partial loss-of-flow, the pump seizure and the complete loss-of-flow events.
The latter transient is considered to be the severest in view of the DNB occurrence because the trip of all pumps are assumed, while the failure of only one pump is assumed in the former two events. Accordingly the complete lossof-flow event is selected to determine the inertia (9) .
The occurrence of DNB is evaluated by the criterion of DNBR=1 for the transients treated in the present study. DNBR is estimated by simulating the hottest bundle by a single channel separately from the average core without consideration of cross flow using the RETRAN-02/MOD 3 code(10). The DNB heat flux is calculated by the B&W-2 correlation which is incorporated in RETRAN. The heat transfer correlations used before the DNB occurrence are of Dittus-Boelter and Thom for single phase liquid and nucleate boiling heat transfer regions, respectively.
3. Input Model The input data model the loss-of-flow transient due to a trip of all pumps in JPSR. From the objective of the analysis, only an early phase of the transient is analyzed during The input data represent only the primary coolant system and the reactor core as shown in Fig. 3 . The secondary coolant system has no significant effects on DNBR during the first 10 seconds because the transport time of coolant from the OTSG to the core is about 8 seconds in JPSR under the rated condition. Therefore, the secondary systems, such as the main steam line and the feedwater system, are not modeled in the present calculation. Instead, heat removal from the primary coolant is modeled by a simple heat exchanger model incorporated in the RETRAN code. In this model, the history of heat removal rate is given explicitly by an input table. In the present calculation, the heat removal rate is set to be constant during the transient.
The reactor core is modeled by two channels : the average channel representing 144 fuel bundles with three vertical nodes and the hottest channel with 12 vertical nodes with peaking factors of 1.62 and 1.24 in horizontal and vertical directions, respectively.
The hottest channel is attached by two heat slabs in which the one models the 263 average rods and the other the hottest rod. Since the local peaking factor of the hottest rod is not given by the nuclear design calculation, it is assumed to be 1.2 based on the typical value for the ordinary four-loop PWR("). In order to ensure conservatism, the engineering hot-channel factor of 1.03 and the uncertainty in the nuclear hot-channel factor of 1.05 are considered in a hot channel based on the safety analysis of the ordinary PWRs. The cross flow between two channels is not modeled in the present analysis for conservative evaluation. The pressure loss through the core is set to that of the ordinary PWR.
The reactor power is calculated by the point reactor kinetics model. The reactivity components considered are the changes in coolant density, coolant temperature and fuel temperature (Doppler effect). The reactivity coefficients used in the calculations are set to be those of the BOEC because the coolant density reactivity coefficient is smaller and more conservative than that of the end of equilibrium cycle (EOEC). The six delayed neutron groups and eleven fission products are considered for the fission power and the decay power, respectively.
Analytical condi- Figure 4 shows the core inlet flows in the average channel and the hot channel.
As shown in the figure, slightly steeper flow reduction is calculated in the hot channel. This is caused by higher void fraction due to higher heat flux in the hot channel.
The flow rate in the hot channel becomes minimum at about 2 seconds after the initiation of the transient. Due to combined effect of the flow reduction and the core power reduction, the maximum void fraction is experienced at about 3 seconds. Due to a large volume of the pressurizer, the pressure increase is less than 0.2MPa during the transient and small enough for maintaining integrity of the pressure boundary.
The core power history is shown in Fig. 5 . The core power decreases due to insertion of negative density reactivity immediately after the initiation of the transient.
At the time when the reactor scram is initiated at 1.5s which is determined by the scram condition described in the subsection II.
3, the core power already decreased by about 50% of the initial core power. As shown in Fig. 6 , the minimum DNBR is calculated to be 1.37 at 3.05s in the second node upstream the hot channel exit. The reactor scram is not Table 2 Pump parameter used in calculation The calculated result is show in Fig. 7 . This figure shows that the trend of DNBR dependency is almost the same in both the cases with and without scram. If the inertia is higher than 20% of the ordinary PWR, the minimum DNBR (MDNBR) is kept to be 2.46 which is the minimum value of DNBR during 
